Time courses for phytochrome-induced enzyme levels in phenylpropanoid metabolism (phenylalanine ammonia-lyase, naringenin-chalcone synthase) compared with time courses for phytochrome-mediated end-product accumulation (anthocyanin, quercetin).
Time course for changes in the levels of enzymes characteristic of general phenylpropanoid metabolism (phenylalanine ammonia-lyase, PAL; EC 4.3.1.5) and of the flavonoid-glycoside branch pathway (naringenin-chalcone synthase, CHS; EC 2.3.1.74) were measured in the cotyledons of mustard (Sinapis alba L.) seedlings and compared with the rates of accumulation of related end products (anthocyanin and quercetin). Induction of enzyme levels and of end-product accumulation was carried out with red and far-red (FR) light, operating via phytochrome. The data are compatible with the concept that the phytochrome-mediated appearance of enzymes such as PAL and CHS is indeed a prerequisite for the appearance of anthocyanins and flavonols. However, there is no close correlation between enzyme levels and the rates of synthesis of end products which could justify the identification of specific rate-limiting enzymes. Rather, the data indicate that there is a second phytochrome-dependent step, beyond enzyme induction, where the actual rate of flavonoid accumulation is determined. Anthocyanin and quercetin accumulation respond differently to light. However, the relative action of continuous FR, red light pulses and 'stored phytochrome signal' is the same in both cases. This indicates that the mode of operation of phytochrome is the same in both cases. The two syntheses differ only in the degree of responsiveness towards phytochrome. The time course for changes in CHS levels in continuous FR, i.e. under conditions of phytochrome photosteady state, is similar to the time course for PAL levels whereas the time courses in darkness, following transfer from FR to darkness, are totally different. In the case of CHS, a transient rise is observed whereas, with PAL, an instantaneous drop in enzyme level occurs after transfer from FR to darkness. It is concluded that the 'stored phytochrome signal' operates in darkness in the case of CHS but not in the case of PAL.